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Combined Effects of Radiotherapy and Hyperthermia on
C3H/He Mouse Mammary Carcinoma

Haruumi Okahbe
Department of Radiology, Saiseikai Hospital
Kyoto Prefectural University of Medicine
(Director: Prof. K. Murakami)

Research Code No. : 407.1

Key Words : Radiotherapy, Hyperthermia, Combined effects,
C3H/He mouse mammary carcinoma

Response of an experimental C3H/He mouse mammary carcinoma to the combined X-ray irradiation
and 2450 MHz microwave hyperthermia (43°C, 10 min) was assayed by using delay in tumor regrowth
(TRT50 assay) after the initial tumor regression. The thermal radiosensitization has been assayed in
terms of TRT50 values for tumor to regrow to the same tumor size in 50% of animals with or without
hyperthermia. Enhancement ratio (E.R.) were 1.49 and 1.96 for 5min and 10 min of heating at 43°C
immediately after irradiation respectively. No thermal damage was observed for 10 min of heating at
43°C alone. The importance of the sequence and time interval between the two modalities was evaluated
using a given constant heat treatment of 43°C for 10min. Hyperthermia was equally effective im-
mediately before or after irradiation. Delayed hyperthermia after irradiation reduced the E.R. values,
but some of the effect was remained apparent still at 24—48 hours.
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Fig. 1 Pattern of microwave hyperthermia (43°C,
10min.)
The transverse axis shows the time (min.). The
left vertical axis shows the temperature ('C) and
the right vertical axis means microwave power
(Watt). The solid line indicates the microwave
power and the broken line shows the temperature
of the tumor.
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{iL 713 control § & [b~XBH & /¢ growth delay
BEET 5,

Table 1ixini& U 7= 685 #¥ = 53 hn ik B 0
HHE D 21 s ¥ To H (Tumor Growth

o
- e i

o 5f Control 3" 43°C 10Min.

g i R _a

P 2 A

| oZe—$Z sk 43%C 30 Min.

S /8,4-’

z ' i = :

13 0 10 20 30
0.5 (Day)

Days after Treatment

Fig. 2 Growth curves of Hyperthermia alone
(43°C, 10min. or 43'C, 30min.)
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Table 1 TGT-50 Values of Hyperthermia alone
(43°C, 10min. or 43°C, 30min.)

Hyperthermia TGT-50 (Days)

Control 3505
43°C 10 Min. 6.5+0.7
43°C 30 Min. 15.6 3.4

Time 50%, LLF TGT50&ME) # LT, o h
i X X304 iR R, control B, 104-fEniE

BEHANTCTSMEBE O AKE o T W
A,

2) W& & Hyperthermia & O HFF
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& e~ regrowth delay #3383 & h, IniR RS 235
{ 1B 2h T, EHED regrowth delay A & <
ItoTW5h,

Table 2% TRT50{E% 779, 2000rad fR 44 ¥4
FFCIX16.220.88TH B A, 5 MGG AR,
107 RS AR T2 hF h24.4+0.9H,
31.9+1.48 & iR REfHE O E & < £ - T TRT50
fEb AL T3, enhancement ratio (TRT50
& ChniEff F)/TRTS0fE (R #REH)) 1%, 54

M0 FNBEHRFECl D RD1.49, 1.96TH -
20 ,¢,¢/ Control
i e
st /¢/¢
e | ¢/¢
2 ¢ 2000rad alone
i 10 450 e 5 Min.
E [ f L ) _xz10 Min
. A +/+ +.-¢"‘§‘"*f” I»}aﬂ" (ay)
€ 0sf e U =
A\ i’/’## Jlr»l"l' ‘|"T-
N 2 e <f ]
?:\-}’I | H i i
0.1 5{"7’1 Days after Irradiation

Fig. 3 Growth curves of Radiation & Hyperther-
mia (2000rad+5or 10min. Hyperthermia)
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Table 2 TRT-50 Values of Radiation & Hyperth-
ermia (43°C 5min. 10min.)

Irradiation  Condition  Hyperthermia TRT—5(0%5D
(rad) (43°C) (days)
2000 aerohic = 16.2+ 0.8
2000 aerobic 5 Min. 244209
2000 aerobic 10 Min. 31914

.

i) BAHR & o interval iILouT

(a) HehHEBAERT, BHECIBZHEH LS
HEDORROBF

Fig. 4 A RBHER L EH&IC, ThFh
43°C 104 Mo IR %47 - 7o B growth curve T
HH MEFRCHRFBRERFLEZHAL LK
growth delay /R 25, lZOMICEE L bR
iz,

Table 3tX TRTS0fE % L & L, & § &t 8 B
33.3+2.1H, EHEOGEAM30.2:£1.28THD, W
ZOBICEZ L BRI 5T,

(b) MATHRFBAT24REMR, 48RRI R U'T2BF I IC

43°C 10 Min. Hyperthermia after Irradiation —4—

20
43°C 10 Min. Hyperthermia before Irradiation —4 —

10 :
o f ot ¢ Control
E 5 ot
S Wﬁﬂo" k‘»nr“ Radiation alone
5 g r" -

- e

E -
= g lﬂl ‘ # ,‘*
§ / #,#f‘{‘f 3 (Day)
E‘? 0.5f "‘+—’+

va after Irrad wt’ﬂi
«M i.—+' "

Hyperthermia before Irradiation
0.1k

Fig. 4 Growth curves of Radiation & Hyperther-
mia (Hyperthermia after & before lrradiation)

Table 3 TRT-50 Values of Radiation & Hyperth-
ermia (Hyperthermia after & before Radiation)

Irradiation & Hyperthermia TRT-50= 85D
(rad) (43°%, 10 Min.) (days)
2000 (=) 1M1£08
2000 Before 33.3x2.1
2000 After 30.2=1.2

HABER=:E 545%E HLU5
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AR, EETe ) F CORRMMAKE
WEAOGABR LRI LicD A Fig. 5TH 5,

BEEHI43C 105HmEZMHH L LT
~, 24FEREIBABF AR, A8WFRIEOF FBFIX regrowth
delay 23/NE <, T2RFREIEOF R B (BT 4R B A BE
e REX L PFRABRABD bR,

Table 4ic TRTS0E%R 73, 24ReREI%GF A &
ASBSRE O & I SRR ST E S 6t BRI
e, TRTS0E/NE <, 4R INEREE & 485F
EENER & ORICEE L b oo, T2KRFHE
HOF ARG, BATRES BRI ERETRED S
nich iz,

Fig. 6txiftthic TRTS0ME, Fiihic B4t 2 & ik
FTCOREY & b DTH B, 43°C 104 HEIE
TRBHEE O MR AR SRR L
LEZbNhDH, BREETLHASHRIFEL

-
Hyperthermia alone 7#4

Control

2000 rad alone

= 1ome
3o !
& Y
y +

Fig. 5 Growth curves of Radiation & Hyperther-
mia Hyperthermia after Irradiation (0, 24, 48,
72hr. after lrradiation)

Table 4 TRT-50 Values of Radiation & Hyperth-
ermia (Hyperthermia 0, 24, 48, 72hr. after Radia-

tion)

Irradiation == ==== -= Hyperthermia TRT-50 +SD
(rad) Interval  (43°C, 10Min.) (days)
2000 =) 8.5+03
2000 0 (+) 206 1.4
2000 24 hr. +) 127+ 0.6
2000 48 hr. (+) 1.7£0.7
2000 72 hr. (+) 8.0=1.0

EF604£10 5251

(73)
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25¢ Irradiation alone o)
= Irrad. & Hyperthermia &
7 2 +
]

w
£ 1
2 o .
2 10
i ¢ ¥
3
5l
0% 24 18 7

Time after Irradiation (hr.)

Fig. 6 TRT-50 Values of Radiation & Hyperther-
mia (0, 24, 48, 72hr. after lrradiation)

e,

(c) HehHiRMRST24REM, 4SRERIAT IR % i F
LB & ORR O

Fig. Ti%, HrhHiRRaT24RE R0 & O8I 1c
Il %17 - o BE® growth curve T, MWFHEIE
122000rad Hic §7 PR AT BA I AE & LB growth delay
FEES BRI,

FBAATIROE A <X, BB ERSmm CE L

43C 10 FEMRB I T, B & DMRBRNAD
RIR\N T D IC 4R B,  ABRRFTAIEE O Bt iR TR S Ry

20p yperthermia alone b
H 4 | %%y%

10 +/+/ Pl; Control
o 4 .
;i ’ /;;/ §aane ML#H#,

g V ﬁ'} 43 hr. +
VAT,
Pt

; |§J’1'0 |I5 1EII] 25

E 5
NN

i Days after Hyperthermia

0.5 2000 rad alone @

Fig. 7 Growth curves of Radiation & Hyperther-
mia (Hyperthermia before lrradiation) (24, 48hr.
before Irradiation)
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BB EERSMm L h AL T\w3, Lo
FEREEYRC TS0, BEEHNERSmm
1ig - IR A CHREFT O MR X TH, T 0248
HBRICBHBRH O L ET - BEL, INBEEZT-
TS Ui lblr Uiz,

Fig. Si3MaH R A 24RFRIRTIC, IR 21T - 7c
BEiThblchoiciie R, MER2T- B,
growth delay AR H 5 X 51z 558 5
WinER o,

Fig. X RERC B 3 RS 48RERIRIZ, IR %

Growth Curves of Radiation efter Hyperthermia

sl (24 hr.)
‘o
] 10 el ¢ Hyperthermia (=)
2 -
2 . ﬁﬁ/+ :—+P+F
g /‘:‘/ +-’+/
2 ¢/¢ A i
é \ /O/ + /t’;‘}/? \'—typerthermia(+!+
« é Y
bp ol
! 4_4+‘;*4+ 1:0 1 20 25 30 (days)

0.5|: Days after Hyperthermia
Fig. 8 Growth curves of Hyperthermia & Radia-
tion (24hr. before Radiation)

Growth Curves of Radiation after Hyperthermia

(48 hr.)
20F
e al
10F
N Control
¢/ Hyplarthermu
] -
§ ¢ o
4| v i%
- /.;,/ %’%\){
= o
E i / H A' Hyperthermia (=) 4
Y S
€ glﬂ’—{ﬂ} i | ; I
L 5 10 15 20 25 30 (days)
0.5 i Days after Hyperthermia

Fig. 9 Growth curves of Hyperthermia & Radia-
tion (48hr. before Radiation)
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C3H/He = v A FfiRw 33 5 Buit#i & Hyperthermia o ff 3% 5

Table 5 TGT-50 Values (X2) of Hyperthermia &
Radiation (Hyperthermia 24, 48hr. before Radia-

tion)
Hyperthermia — - ———-=- Irradiation TGT-50£5D
(rad) (days)

=) (=) 3.5+0.2
(+) =) 2819
(=) 2000 13.8+ 0.3
(+) 24 hr. 2000 15,7+ 2.5
(+) 48 hr. 2000 15.3=3.7

ToleBE LTl -2 BED growth curve %73
T, MECERRD bR ot

Table 5iX, TGTH0E (2%) #m3. WA
PRI BN, 24BSRIRTINIEOE AR, 48ERRSIRT N
DERABEICE S RERRED bhith - T,

IV, & =

AEBR T, hyperthermia D A TIXIZ & A £ 4
RO\, BEBEHEIC L 543C 102 MR %,
SR (2000rad 1 ERA) LHEHTAZ Lk b,
WHBOBRPEE I N L 2 LA ERZR S mm D
C3H/He =7 A FEX AW TR Db A, Zokk
HHRIEIEL R & in vitroD BME N HEZE T3 L,
Ben-Hur ¢ Elkind 512 X 219, Chinese ham-
ster cellz v 7o 1 BIBCHRRHIC X 2 iRE—4&
FERIC I T, XRRETET, BT, B
EEHHET S L, ERToOEERER LT
b, J8(shoulder) DI R ¥ { 7% Z & AVR4s
Tws, Thbinie X 3 B REiRshEoH
B oHEE L LT, sublethal damage repair (SLDR,
Elkind 2 [ 2) o [ & &'92920 potentially
lethal damage repair (PLDR2®) o [H 2224293
# z bhb, Chinese hamster female lung fibro-
blast i1 3k @ V 79 # 2 % F \~ 7= Murthy??,
Harris®® & 0 SRz X i, 1000RB 4 £437°C
1 Rl R BB e CIRST L 7o 85812 £ U % SLD
ER L 5EFERD LR (HOWE) »3, o1
R Z41CTIRT A it X hFEHESh, La
3 —ED SLD BEFABEE~ LB o cicwd, £F7F
ERTHROENR ot LT3, FizFiE
DO #IkE%E AT, 1000R BHEITCIT4E L &
PLD EE2ABHHUCKBE O LR X HHEX
hick®ELTW3,

HAEREEE #45% F10%
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in vivo ®EEBRIC S\ T, HhtiR & hyperther-
mia CHABROD B Z LI BELBEIRTE
D, ZDAH =X A EDNTEATEIhT W3,
Bl Hume, Robinson 5290z L #uld, [EEEEA
DMPF 2T, EFHEBA T, HEREICmE
Viti 34 7n <, vascular cooling effect #&Hh
T, EEERL Y EL0BERIREY, 2otk
DB L HEELZTOT B L LTS,
%7z Fajardo H*2, Bz D & Dz X % cytotox-
ic TefER AR & HFEMC@< 2 HE LT
B,

invivo TOERICEER oA & LT, BEES
DALY, EFHEASIT S BAHRERE EL =
ET, RERFTRELYRERIGCHAOBEEE L v s, &
DRETE, MBRREZ43CK, MERES104
CRELCBECH LTRSS HEIB SR,
T DBROIEFABOBEF o WTIL, TENK
R AT 5 7oy, 43°C 105N CI3RIE &
RBIEFHEGEOEEI R bhith -1,

RE &R OB RIzoWTIE, Kim 595
IhiE, 1CoORE LRI - CTRHHITNIER
HIX1/21270% &bk, (in vitro), Z 0BG
in vivo RERER O LA ERRER, Fc Lok
HEMOEERENERE IOV kb ol
LDEHIB T B2,

C3H/He = v A &% F\>, water bath Iz X %
604N % 17 7 - 7= Robinson 5 » EEz I H,
X, 41.0CH543.0CIeBEY Eifaz ick b
Thermal enhancement ratio (TER) %1.422:5
4.BEWER L EBELTWS, RECHEIR
Overgaard*™izd R ibh, BEO % i1n
BREEOERIZL Y TER B8 LE & LT
%, CORBRTE, BHHR L OB LinER
W% 5 22 6104 EEE T 5% ¢, TRT50(E
DIERBFED b, Enhancement ratio Lk D s
1.49L1.96TH -7z, =D ER o#EAILHIHR L
X 5L, EvZz o b oo cytotoxic 7nihE o wEEE
%, BEBRNIERNOEEOHE AR LEICLDbD
LEZLRD,

T, ASERTRIHSHRBS ORI« DB
iERREZ 3\ TR % 0H U X O %R % ks

FRFI604E10 25
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Lichi, BSHRBHEERTUIES O B c ot FE %
ROE|D L, FEROORICETED T,
in vitro OB TIX, AR & Inik o @R
BRURESRPHREIES N, TE ORI 1S A
EHRRHRIITFEET S LH|EI T\ 5,

invivo lcB\Th, AEGHHEIZL Y EL kS i
HFRBELES N L TEBRS T 28E1%
WY C3H ~ v X #L & & water bathiw & 2%
42.5°C 604 IR % v 7z Overgaard®™i3, [F]m:
AT —%F®\ TER {E2.45%7RLT\W5, 7o,
B RRIB S E AT TE B0 o O A2 2 ol L 72
%, S91 melanoma I water bath = X %44°C
3023 Fdl Dl & BehtH 48 % 6 F L 7 Crile®, Ridg-
eway osteogenic sarcoma IZ#REARIZ L 542.5C
1543, 304, 454 FEIINE & Bt % 6 F L 7= Hahn
LOMEIICRONA X 5, WMECIZENE
ETHHENS, LL, WHT = v 2 #i#ER
% A, 42.5°C 607 IR & faHgRet & o i
EEIEIC & % TER OH#B % Rd 7 Stewart & D
KBS X TR x5 0 R R b a5 R
HERF RS BHRELTEY, o&cBLT
Z—F L Ty,

HAHRBA BT interval % B\ ERTIZ,
FRAT24IREME], AQRSRABTH: I3 R A e < FREHHS
245, 48RO BEACHEN RS, 0 En-
hancement ratio (% 35 @ 35 1.4921.38T & -
7. Stewart SRSt 6 R o 6 ClEE
MNUTHRLD B L34 L, Overgaard® B4t
UREE O TH %R (TER=1.59) »H 5 =
ERHEL TB, Overgaard iz X hiE, &%)
RITIMERIC X % BOHROERRBEIC X 5 L 0T
72 <, Hyperthermia @ it H1 i B S fa 1
NTL2EENRBREDE L E 2T\ 5, Over-
gaard @ S & 3 IN{R & # 2% water bathic & %
42.5C 607 TCH B DK L, AHBR CILEARER
12k 543C 104 TH B, 43C 104 EmiEc,
B CIREGRE DRI Th, BUHEEEE
DEEHROE L Y, GHEZENHEL 27
BEMELDD EEZ OIS, Ticbb, HAERBE
BoOEHMN hypoxic cell DM, = hick b pH
DT, IR LERZ R S S0 B
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Eiz kb, 43C 1040 IR EIGE Liz & B
5.
V. 2 ¢ 8

1, BEHRRAE &, BEEE T X 2R
(43°C, 104D RBtH LIcE 25, HstBozE
DHBR X his, F¥ie, Z043°C 104 O iR
TRHEHCT AR EA ETh T,

2. WEHRBAEMERCINE L 6 LIBE,
FOWMHOBHRICEZBDbRILh o1z,

3. TG ERBAT24RERS, ASHER, T2RERIE iR
O LICHE, 24RFRI%, 48RFRIEIC 2R A
FHEL, TOWEOHRIMETH D, T2RHEE
TRBHEIZ LRI T,
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